ABSTRACT The changes in refractoriness of the His-Purkinje system (HPS) and ventricular myocardium (VM) that are associated with the occurrence of postextrasystolic beats in man are unknown. Accordingly, using a pacing model of the cycle length changes created by a ventricular extrasystolepostextrasystole sequence, we measured retrograde HPS and VM relative and effective refractory periods (RRP and ERP) in 15 patients with the use of ventricular test extrastimuli during preextrasystolic basic control drive (method I) and after programmed extrasystolic (method II) and postextrasystolic (method III) beats. The basic cycle length (same for all three methods) ranged from 500 to 700 msec (mean 613 +-74 msec) and the extrasystolic coupling interval (identical for methods 11 and 111) comprised 68 + 4% of the basic cycle length. In method II1 the postextrasystolic pause was programmed to equal the basic cycle length (i.e., noncompensatory) so that method I could serve as control for method III. RRP-HPS decreased from 331 ± 37 msec in method I to 245 + 37 msec or less during the extrasystolic beat (p < .00 1). A less dramatic corresponding shortening of ERP-VM and RRP-VM was observed, i.e., from 245 + 21 and 264 + 23 msec (method I) to 233 + 23 and 251 ± 22 msec (method II), respectively (p < .001). With the postextrasystolic beat, however, RRP-HPS increased to exceed the control value of method I by 23 ± 11 msec (p < .001). This greater-than-expected RP prolongation was also associated with significantly increased retrograde HPS conduction times (in method III vs method 1) at both long and short test stimulus coupling intervals. In contrast, ERP-VM and RRP-VM with method 1II increased (vs method II) only slightly, thereby falling short of the corresponding preextrasystolic values by 5 + 5 and 7 + 7 msec, respectively (p = .002). These disparate responses, i.e., hyperdynamic in the HPS vs cumulative in the VM, resulted in a 28 + 10 msec increase in dispersion of refractoriness (RRP-HPS minus ERP-VM) between the two tissues during the postextrasystolic compared with the control preextrasystolic beat (p < .001). Such increased dispersion of refractoriness could potentially be associated with a greater likelihood of ventricular reentry and arrhythmogenesis immediately after the postextrasystolic beat.
IT IS widely appreciated that under certain conditions premature ventricular beats have an electrophysiologically destabilizing effect that may initiate malignant arrhythmias in both animals and man. 6 Even when not inducing a tachycardia, however, the mere occurrence of a ventricular extrasystole perturbs the underlying cardiac rhythm. The electrophysiologic effects in man of such abrupt changes in cycle length associated with the occurrence of a postextrasystolic beat are unknown.
Recently we have shown that, with an abrupt change from a constant basic cycle length to a single longer or shorter cycle, human His-Purkinje system (HPS) and ventricular myocardial (VM) refractoriness change in a different fashion from one another; the latter shows a cumulative and the former a dynamic response. 7 We hypothesized, therefore, that a similar disparity in modes of alteration of HPS and VM refractory periods might be evident in a postextrasystolic beat, since the latter represents the culmination of a long-short-long cycle length sequence. In this investigation this hypothesis was tested with a ventricular pacing model that simulated the sudden cycle length changes induced by the sequential occurrence of ventricular extrasystolic and postextrasystolic beats.
PATHOPHYSIOLOGY AND NATURAL HISTORY-ELECTROPHYSIOLOGY Methods
Intracardiac electrophysiologic studies were performed in patients in the postabsorptive state with standard recording and stimulation techniques that have been previously described.9' 10 The nature of the procedure was explained to all patients and informed consent was obtained from each. Antiarrhythmic medications were withheld for at least 48 hr before the study. No patients were studied while in acute myocardial ischemia or during electrolyte imbalance.
Fifteen consecutive patients undergoing electrophysiologic testing form the basis of this report. These patients had normal HV and QRS intervals and had no evidence of split His potentials or infranodal block during incremental atrial pacing." There were eight men and seven women with ages ranging from 40 to 73 (mean 60) years. The underlying heart disease was atherosclerotic in seven patients, valvular in five, cardiomyopathic in one, and not present in two. The patients were referred because of ventricular arrhythmias (n = 9), syncope (n = 4), sudden death (n = 1), and bradyarrhythmias (n = 1). Figure 1 
Results
Although complete antegrade and retrograde electrophysiologic studies were performed in each patient, only data relevant to this report will be presented. As shown in table 1, the basic cycle lengths used ranged from 500 to 700 msec (mean 613 ± 74). The programmed extrasystolic coupling interval, SIS2, produced a mean decrease from S,S, of 200 + 38 msec (range 150 to 300) and comprised 68 ± 4% of the basic cycle length (range 57 to 71%o). The latter ratio is compatible with absence of significant HPS conduction delays during retrograde propagation of S2. '4 '5 Changes in HPS refractoriness ( 
Discussion
To our knowledge, the present investigation represents the first reported attempt to systematically characterize the electrophysiologic effects of a postextrasystolic beat on HPS and VM tissue in man. The results indicate that in the ventricular pacing model of an extrasystole-postextrasystole sequence that we studied there are significant qualitative and quantitative differences between human HPS and VM responses in terms of respective changes in refractoriness. Although both tissues undergo sequential shortening followed by prolongation of refractoriness, the magnitude of change for this response in the HPS compared with that in the VM is at least five times as great during the extrasystole and 15 times as great during the postextrasystole. Particularly striking is the very consistent finding that, during the postextrasystolic beat, RRP-HPS overshoots (whereas both RRP-VM and ERP-VM undershoot or return to) the control preextrasystolic value. Furthermore, in nearly all cases, excessive prolongation of RRP-HPS observed in the postextrasystolic beat was accompanied by significant increases in retrograde HPS conduction time (vs method I) at both long and short coupling intervals. Thus, the opposing abrupt cycle length changes created by the pacing model are associated with only modest parallel changes in VM refractoriness such that there is a cumulative effect after the postextrasystolic pause. Since the HPS, on the other hand, responds in an exaggerated fashion to each successive cycle length change, greater-than-expected dispersion of refractoriness (vs method I) between HPS and VM is created in the postextrasystolic beat.
The gross directional changes in HPS and VM refractoriness observed in the present investigation are in accord with prior studies of cycle length-dependent behavior of refractory periods in Purkinje'6' 17 and ventricular fibers,17' 18 as determined under steady-state conditions. Little information exists in the experimental literature, however, with which to compare our findings specifically in regard to postextrasystolic changes in refractoriness. Greenspan et al.'9 studied alterations in canine Purkinje and ventricular fiber action potential configuration accompanying sudden cycle length changes. These investigators found that after a postextrasystolic compensatory pause, phase 2 prolongs in Purkinje cells and shortens in ventricular fibers (but without consistent changes in action potential duration of the latter tissue). Although the "control" CIRCULATION E Purkinje action potentials (i.e., those associated with a basic cycle length identical to the compensatory pause) were not determined in their experiment, Greenspan et al. provided other data demonstrating that action potentials duration of canine Purkinje fibers is completely determined by the duration of the immediately preceding cycle length and that this relationship is unaffected by abrupt alterations in cycle length. It is difficult, however, to extrapolate from the study of Greenspan et al. to the present investigation since we measured refractory periods of HPS and VM tissue in vivo and confined our analysis to noncompensatory pauses.
In the canine ventricle, Burgess and Coyle20 studied postextrasystolic ERPs with a pacing protocol similar to ours in that the postextrasystolic pause equaled the basic cycle length. At the shortest extrasystolic coupling intervals these investigators observed a small but apparently significant increase* in ERP-VM during the postextrasystolic beat, whereas that parameter returned to the control value of the regularly driven beats when the pacing protocol was repeated with longer extrasystolic coupling intervals. In our study, on the other hand, relatively long SS2 intervals were used and postextrasystolic ERP-VM either equaled or fell short of (but never exceeded) the control value, in accordance with a cumulative type of response.17, 18, 21 Although not predictable on the basis of prior experimental studies, the present finding of increased postextrasystolic dispersion of refractoriness between HPS and VM is most understandable in light of previous observations from our laboratory reported by Denker et whereas both ERP and RRP were examined in the present report.
In contrast to Denker et al.8 who, during a short-long sequence, found consistent greater-than-expected prolongation of retrograde HPS conduction times only at the shortest comparable coupling intervals, we observed significant increases in StH values during the postextrasystolic beat (vs method I) at both longest and shortest comparable S,' St intervals. Differences in pacing protocols may account for these seemingly discrepant findings since, during the study of Denker et al.,' the myocardial element of the Purkinje-muscle junction, a component of the retrograde HPS propagation pathway,'0 may have been exposed to more of a cumulative effect of the short drive cycles, thereby facilitating conduction at long coupling intervals. Such an effect may have been minimal during the single extrasystolic (i.e., short) cycle used in the present study. An alternative explanation is simply that compared with the short-long, the long-short-long cycle length sequence may be associated with greater HPS conduction delays. To test the latter hypothesis, however, the effect of each pacing protocol on HPS conduction would have be analyzed and compared within the same patient.
It is also of interest that the magnitude of increase in StH values observed with method III (vs method I) was greater at the longer than at the shorter comparable coupling intervals. This difference persisted even after the exclusion of data from patient No. 7 (who had a large StH increase at long but retrograde HPS block at short coupling intervals). Although the basis for this finding cannot be definitely established from our data, it is possible that the prolonging effect of method III (vs method I) on retrograde HPS conduction time might be more apparent at long coupling intervals, at which conduction delays during method I are less pronounced.
Finally, it should be mentioned that the ability of cardiac tissue such as that of the HPS to display unanticipated behavior in man under conditions other than steady state, actually has precedents in the responses of certain nonhuman cardiac tissues to abrupt short-long (rather than long-short-long) cycle length changes.22' 23 For example, Miller et al. 22 observed that, over a certain range of cycle lengths, action potential areas of canine VM fibers may "paradoxically" decrease during the first few beats at the longer cycle length before gradually being prolonged to the new larger value. A similar phenomenon has been described in the frog ventricle.23 Unexpected electrophysiologic responses have also been observed in experimental studies of the effects of abrupt long-short cycle length changes. 22 24 Of particular relevance is the finding of Gettes et al.24 that the action potential duration of porcine Purkinje fibers may undergo exaggerated shortening during a premature beat that falls within 100 msec of completion of repolarization. The parallel phenomenon with regard to the HPS in man, which was noted by us previously7' 8 and in the present study (in association with S2 during method II), is also consistent with the rapidity of human HPS accommodation that we have observed during sudden ventricular rate acceleration. 15 Electrophysiologic implications. A spontaneous ventricular extrasystole is typically preceded and followed by beats of atrial (i.e., sinus) origin such that the postextrasystolic beat completes a fully compensatory pause. Our pacing protocol was not designed to examine the corresponding potential effects on HPS refractoriness of alternating antegrade and retrograde activation or effects of longer postextrasystolic pauses. Furthermore, since short S1S2 intervals were deliberately avoided in our protocol, caution is advised in extrapolating our findings to the setting of closely coupled extrasystoles.
Additional studies, therefore, will be required to explore the 
